Abstract: This study was conducted to evaluate factors regulating groundwater quality in an area with agriculture as main use. Water samples for determining the water quality were collected in one liter polyethylene bags by observing standard sample collection method. It was ensured that sample collection sites must be at least 500 feet away from each other.
INTRODUCTION
Water is the most important resource for human existence. Ensuring access to cheap and clean drinking water is emerging as one of the most difficult challenges of this century. In rural side, there is an acute crisis of potable water with some of the water pockets containing excess salinity, hardness, fluoride, arsenic, or harmful pathogens which cause several health problems [1] . Therefore, excessive use of groundwater aquifers is growing. The increased exploitation of groundwater resources can decrease regional water quality as a whole [2] .
It is essential to safeguard the future of our water resources by studying its past and present both quantitatively and qualitatively [3] . Huge quantities of groundwater, particularly from the shallow aquifers, are used for irrigation and in the absence of adequate surface water in the dry season; irrigation becomes heavily dependent on groundwater [4] .
Irrigation water quality refers to the kinds and amounts of salts present in the water and their effects on crop growth and development. High salt *Address correspondence to this author at the Institute of Food Sciences and Technology, Sindh Agriculture University Tandojam, Pakistan; Tel: +92-3332711539; E-mail: benishmirani@gmail.com concentrations influence osmotic pressure of the soil solution and affect the ability of plants to absorb water through their roots [5] . Irrigation water quality is generally judged by some determining factors such as sodium adsorption ratio (SAR), soluble sodium percentage (SSP), residual sodium carbonate (RSC), and electrical conductance (EC) [6] . Along with the above indicators, some additional indices to categorize the groundwater for irrigation like magnesium adsorption ratio (MAR), Kelly's ratio (KR), total hardness (TH), permeability index (PI), residual sodium bicarbonate (RSBC) should be studied [4] . The composition of water changes through reactions with the environment and the natural chemistry can have an important bearing on anything living that utilizes this resources including human beings, livestock and even plants [3] .
High value of SAR means that sodium in the water may replace calcium and magnesium ions in the soil, potentially causing damage to the soil structure [7] . An increase in RSC value leads also to precipitate calcium and magnesium that can cause an increase in sodium content in the soil. The high concentration of bicarbonate ion in irrigation water leads to its toxicity and affects the mineral nutrition of plants. The variation in chemical composition of groundwater may be due to leaching of terrestrial salts, extensive use of chemical fertilizers and ion exchange between water and the host rock [3] , so a detailed analysis of major, minor and trace constituents of groundwater is very important.
The investigation will serve as an avenue to update groundwater data bank of the study area for those whose responsibility is the provision of safe drinking water to the entire populace around the area. It will also help in planning agricultural practices in advising the farmers on choosing the appropriate crops to be cultivated around the study area.
METHODOLOGY

Area of Study
According to the new government setup in June 2005, Taluka Tando Muhammad Khan is emerged as a new district on map of Sindh province with its Head quarter located at Tando Muhammad Khan Town/ City. It is spread over a geographical area of about 1733.99 square kilometers (428469 acres). It is located at height of 55 ft above mean sea level and between 250 07' 28" N latitudes and 680 31' 59" E longitudes. In North of the district, Hyderabad and Tando Allahyar districts are located, Badin district lies on South and East, West boundary is shared by district Thatta and the river Indus flows through North-West (Figure 1 ).
The evaluation of water quality was carried out in each Union Council (UC) of District Tando Muhammad Khan, Sindh, Pakistan. Water samples for determining the water quality were collected in one liter polyethylene bottles by observing standard sample collection method. It was ensured that sample collection sites must be at least 500 feet away from each other. Before sample collection the bottles were washed and rinsed properly with distilled water so as to remove any possible contamination. Water samples were collected using one liter polyethylene bottles and standard methods for this purpose were adopted. After purging, the polyethylene bottles and their caps were washed with same water and then sample was collected in bottle for getting maximum accuracy in result.
The quality of irrigation water depends primarily on the presence of dissolved salts and their concentrations. Sodium Adsorption Ratio (SAR) and Residual Sodium Carbonate (RSC) are the most important quality criteria, which influence the water quality and its suitability for irrigation [8] .
Sodium Adsorption Ratio (SAR)
The sodium adsorption ratio (SAR) is commonly used as an index for evaluating the sodium hazard associated with an irrigation water supply. It is generally recognized as the most applicable technique for determining the adjusted SAR hazard index [6, 9, and 10] .SAR is calculated from the ratio of sodium to calcium and magnesium, because calcium and magnesium helps to counter the effects of sodium in water. Calcium and magnesium contents were determined by EDTA titration using Eriochrome black T as indicator. The sodium content was determined by using flame photometer instrument. SAR is very important factor to determine the suitability of water for irrigation purpose and it can be obtained by following formula of Richards [11] :
Residual Sodium Carbonate (RSC)
The RSC occurs when carbonate and bicarbonate levels exceed the levels of calcium and magnesium in water. High bicarbonate levels increase the tendency of calcium and magnesium to precipitate in water and as a result sodium ratio is increased in the form of sodium bicarbonate [12] . Carbonate and bicarbonates were determined by acid-base titration methods whereas, RSC level was calculated from the water by using given formula:
3. RESULTS
Water Quality for Agricultur
Taluka Tando Muhammad Khan
The Sodium Adsorption Ratio (SAR) and Residual Sodium Carbonate (RSC) in groundwater samples collected from various Union Councils of Taluka Tando Muhammad Khan are presented in Table 1 . The SAR in the samples ranged from 11.06 to 53.29, the highest 
Taluka Bulri Shah Karim
The results on analysis of Sodium Adsorption Ratio (SAR) in groundwater samples collected from various Union Councils of Taluka Bulri Shah Karim are presented in Table 2 . The SAR in the samples ranged from 5.91 to 77.83, the highest (77.83) SAR was in UC Mulakatiar, while lowest (5.91) in the sample collected from UC Allayar Turk. The above SAR values indicated that the groundwater quality in taluka Bulri Shah Karim is not suitable for agriculture use, because in most of the samples the SAR values were far ahead of the permissible limits of WHO for agriculture use (<7.5). The situation needs special attention of the concerned government agencies to take concrete measures to improve groundwater quality in the area of study, because out of 36, only one sample showed SAR within permissible limits of WHO for water suitability for agriculture purposes.
The results for Residual Sodium Carbonate (RSC) in groundwater samples collected from various Union
Councils of Taluka Bulri Shah Karim (Table 2) indicated that only 5 samples out of 36 had RSC within permissible limits of WHO for agriculture use water (<2.0 meq/l), while 31 samples indicated RSC in exceeded levels over the permissible limits of WHO in water for agriculture use (<2.0 meq/l). The RSC in 36 collected groundwater samples ranged from 0 to 7.80 meq/l, the highest (7.80 meq/l) was in UC Mulakatiar, while lowest (0) in the sample collected from UC Allahyar Turk of taluka Bulri Shah Karim.
Taluka Tando Ghulam Hyder
The results on analysis of Sodium Adsorption Ratio (SAR) in groundwater samples collected from various Union Councils of Taluka Tando Ghulam Hyder are presented in Table 3 . The SAR in the samples ranged from 15.37 to 67.30, the highest (67.30) SAR was in UC Ghulam Shah Bagrani Moya, while lowest (15.37) in the sample collected from UC Dando. The above SAR values indicated that the groundwater quality in taluka Tando Ghulam Hyder is totally unsuitable for (Table 3) indicated that only 07 samples out of 24 had RSC within permissible limits of WHO for agriculture use water (<2.0 meq/l), while 17 samples indicated RSC in exceeded levels over the permissible limits of WHO in water for agriculture use (<2.0 meq/l). The RSC in 24 collected groundwater samples ranged from 0.68 to 7.53 meq/l, the highest (7.53 meq/l) was in UC Ghulam Shah Bagrani Moya, while lowest (0.68 meq/l) in the sample collected from UC Dando of taluka Tando Ghulam Hyder.
DISCUSSION
Pakistan is an agricultural country, ponds, wells, streams and waste treatment plants are common sources of irrigation water. Problem levels of sodium (Na), calcium (Ca), magnesium (Mg) and carbonates can occur in any of these sources. The continued application of poor quality drinking and irrigation water has harmful effects on human beings, crops and soil and it reduces the quality and growth of different crops. However, with proper precautions and altered management practices, poor quality irrigation water may be used to produce high quality agricultural commodities.
In the present study Union Council (UC) of District Tando Muhammad Khan, Sindh, Pakistan was selected for evaluation of SAR and RSC from groundwater. Groundwater was chosen in the present study mainly because of its dynamic nature and it is most affected by various human activities such as, expansion of cultivated and irrigated lands, industrialization and urbanization etc.
Due to the fact that, it represents the largest available source of fresh water lying beneath the ground, it has become crucial not only for targeting of groundwater potential zones, but also monitoring and conserving this important resource. The groundwater is usually clear, colorless and remains relatively at constant temperature, is therefore normally superior to surface water from sanitary considerations. But ground water has higher salt contents than surface waters because slowly moving water remains in contact with substrata for longer period thereby increasing the soluble mineral content in water until a condition of equilibrium is reached. Water being a universal solvent carries minerals in solution which, though present in small quantities, determine its suitability for various purposes. Quality of groundwater may vary from place to place and from stratum to stratum. It also varies from season to season. The requirement of quality of water or various purposes such as drinking water, industrial water and irrigation water vary widely [1] . According to Nishanthiny et al. [13] from Jaffna, Sri Lanka, Sodium adsorption ratio (SAR), Residual sodium carbonate (RSC) can be used as a criterion for finding the suitability of irrigation waters and reported that about 35.3% of the wells have unsuitable irrigation water quality in which bicarbonate hazard was identified as major hazard which is due to the influence of carbonate rock dissolution.
In Tando The results clearly indicated that in case of shortage of surface water, the people of the area depend on agriculture could not survive and special efforts are needed to improve the groundwater quality for agriculture use. The results regarding SAR and RSC in groundwater samples collected from various talukas of Tando Muhammad Khan district of Sindh are in concurrence with those of Abu-Rukah and Al-Kofahi [14] , who examined SAR in Jordan and reported that it exceed the permissible limits, while from India under similar soil and water conditions. Latha et al. [15] found highest (34.20meq/l) sodium adsorption ratio (SAR) in Palladam samples. In another study from India, Phogat et al. [16] reported high sodium adsorption ratio (SAR) in groundwater samples and considered the water in the saline categories. Shah and Mistry [8] from western India also confirmed that groundwater sample is unsuitable for irrigation purpose according to Sodium adsorption ratio (SAR). Latha et al. [15] reported water samples with residual sodium carbonate (RSC) ranging from 5.0-7.5 meq/l and EC >3 dS/m are unsuitable for irrigation as they are liable to cause salinity and sodicity problem in soils. Abu-Rukah and Al-Kofahi [14] in their study found the high RSC levels in different water samples collected from Jordan. The results of present study are also in confirmation with Sarkar and Hassan [17] who reported that RSC values were higher (3.26 to 4.16 meq/l) than the permissible limit (>2.5 meq/l) due to higher HCO 3 -content in the irrigation water that may induce some permeability problem.
CONCLUSION
It was concluded that the SAR levels of groundwater samples indicated an alarming situation and most of the ground-water samples had SAR (<7.5 meq/l) and RSC (<2.0 meq/l) above permissible limits of WHO for agriculture use therefore, it is not suitable for agriculture as well as drinking. In case of shortage of surface water, the people of the area depend on agriculture could not survive and special efforts are needed to improve the groundwater quality for agriculture use. The situation needs special attention of the concerned government agencies to take concrete measures to improve groundwater quality in the area of study.
